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ABSTRACT

OBJECTIVES The aim of this study was to assess the outcome of isolated tricuspid regurgitation (TR) and the added

value of quantitative evaluation of its severity.

BACKGROUND TR is of uncertain clinical outcome due to confounding comorbidities. Isolated TR (without significant

comorbidities, structural valve disease, significant pulmonary artery systolic pressure elevation by Doppler, or overt

cardiac cause) is of unknown clinical outcome.

METHODS In patients with isolated TR assessed both qualitatively and quantitatively by a proximal isovelocity

surface area method, a long-term outcome analysis was conducted. Patients with severe comorbid diseases

were excluded.

RESULTS The study involved 353 patients with isolated TR (age 70 years; 33% male; ejection fraction, 63%; all with

right ventricular systolic pressure <50 mm Hg). Severe isolated TR was diagnosed in 76 patients (21.5%) qualitatively and

68 patients (19.3%) by quantitative criteria (effective regurgitant orifice [ERO] $40 mm2). The 10-year survival and

cardiac event rates were 63 � 5% and 29 � 5%. Severe isolated TR independently predicted higher mortality (adjusted

hazard ratio: 1.78 [95% confidence interval (CI): 1.10 to 2.82], p ¼ 0.02 for qualitative definition and 2.67 [95% CI: 1.66

to 4.23] for an ERO $40 mm2, p < 0.0001). The addition of grading by quantitative criteria in nested models eliminated

the significance of the qualitative grading and improved the model prediction (p < 0.001 for survival and p ¼ 0.02

for cardiac events). The 10-year survival rate was lower with an ERO $40 mm2 versus <40 mm2 (38 � 7% vs. 70 � 6%;

p < 0.0001), independent of all characteristics, right ventricular size or function, comorbidity, or pulmonary pressure

(p < 0.0001 for all), and lower than expected in the general population (p < 0.001). Freedom from cardiac events was

lower with an ERO $40 mm2 versus <40 mm2 independently of all characteristics, right ventricular size or function,

comorbidity, or pulmonary pressure (p < 0.0001 for all). Cardiac surgery for severe isolated TR was rarely performed

(16 � 5% 5 years after diagnosis).

CONCLUSIONS Isolated TR can be severe and is associated with excess mortality and morbidity, warranting heightened

attention to diagnosis and quantitation. Quantitative assessment of TR, particularly ERO measurement, is a powerful

independent predictor of outcome, superior to standard qualitative assessment. (J Am Coll Cardiol Img 2014;7:1185–94)
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T ricuspid regurgitation (TR) is fre-
quent (1) but poorly defined. Man-
agement guidelines remain vague

(2) due to a paucity of outcome studies and
their contradictory results (3–6). Studies of
TR are influenced by outcome interference
of numerous comorbidities, pulmonary hy-
pertension, left-sided heart disease, and
background conditions (4,7,8) that obscure

the specific significance of TR (9). Thus, it is generally
uncertain whether TR independently affects outcome
or is a surrogate for associated conditions. Other
sources of uncertainty are the imprecision of stan-
dard assessment of TR (10) and the ambiguity of
guidelines in defining severe TR (11). Hence, clinical
guidelines propose very limited indications for
tricuspid valve surgery unless there is another surgi-
cal indication such as severe mitral valve diseases (2).

In trying to resolve this conundrum, we assessed
patients with isolated functional TR, excluding major
comorbidities affecting TR outcome (9,12–14) and with
TR quantitative assessment (11,15,16). We aimed to
evaluate clinical outcome of isolated TR, define
whether severe isolated TR is associated with excess
mortality and cardiac events, and analyze the role of
TR quantitative assessment in predicting TR outcome.

METHODS

DEFINITION OF ISOLATED TR. Isolated TR diagnosis
required the following: 1) TR holosystolic and func-
tional; 2) no likely pulmonary hypertension
(<50 mm Hg) (17); 3) no overt TR cause (no intrinsic
tricuspid disease, left ventricular ejection fraction
$50%, no pacemaker/defibrillator wire across the
tricuspid, no other valve disease more than mild, no
disease that may cause TR, no congenital or peri-
cardial heart disease); and 4) no previous valve
surgery.

STUDY DESIGN. We initiated a prospective program
of TR quantitation enrolling patients with mild or
greater holosystolic TR by visual assessment. The
final population was selected retrospectively as pa-
tients with isolated TR and TR quantitation per-
formed from 1995 to 2005. Patients with severe
comorbid conditions, including cancer, severe lung
disease, cirrhosis, recent myocardial infarction
(<3 months), or end-stage renal disease at presenta-
tion were excluded. Isolated quantified mild to severe
TR represented 12.2% of our quantified population.
We also identified 1,972 patients with trivial isolated
TR (jet area #1.0 cm2; an effective regurgitant orifice

[ERO] of 0) evaluated by the principal investigator,
during the same period, with same inclusion criteria
and same methods. To examine the hypothesis that
isolated TR of increasing quantified degree is associ-
ated with worse outcome consequences, a frequency-
matching approach was used in which patients with
trivial isolated TR were randomly selected from the
desired bin of all patients with trivial isolated TR,
achieving groups of patients with trivial and mild to
severe quantified TR comparable in terms of other
independent determinants of outcome but with no
set couples of matched patients and unequal size.
The predefined baseline computerized matching pa-
rameters were age (within 10 years), ejection fraction
(within 5%), exact year of diagnosis, atrial fibrillation,
and sex.

Outcome was analyzed from an echocardiographic
diagnosis until death or last follow-up up to 2010.

The study was powered (80%, p ¼ 0.05) to detect
$30% mortality difference between severe and lesser
degrees of isolated TR. The study was institutional
review board approved.

BASELINE CLINICAL ASSESSMENT AND MANAGEMENT.

Patient symptoms, physical examination, and co-
morbid conditions (Charlson age-adjusted comorbid-
ity index [18]) were evaluated by Mayo personal
physicians. Congestive heart failure was diagnosed by
Framingham criteria (19). Clinical management was
determined by personal physicians.

FOLLOW-UP AND OUTCOMES. Clinical follow-up
was obtained by review of medical records, surveys,
and telephone interviews. The cause of death was
determined by medical records and death certificates.
Events used as endpoints were mortality and cardio-
vascular events under medical management. Cardio-
vascular events comprised cardiac death including
sudden death (20) and congestive heart failure but
not death due to other causes.

DOPPLER ECHOCARDIOGRAPHY. All measurements
were averages of inspiratory and expiratory (21)
over $5 cardiac cycles (22,23). Right ventricular (RV)
size and systolic function were qualitatively graded
(on a scale of 1 to 4). RV function assessment was on
the basis of multiple views of the right ventricle
(short-axis parasternal at basal, mid, and apical
levels; lower parasternal RV inflow view; apical 4-
chamber view; and, if possible, RV long-axis view
and subcostal short- and 4-chamber views). Using
these multiple views, integrative qualitative grading
was formulated by the physician responsible for the
echocardiogram. Qualitative TR assessment used jet
size, vena contracta (24), and hepatic venous reversal
using recent American Society of Echocardiography
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ABBR EV I A T I ON S

AND ACRONYMS

ERO = effective regurgitant

orifice

RV = right ventricular

SPAP = systolic pulmonary

artery pressure

TR = tricuspid regurgitation
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